A back-to-back semiconductor counter system was used to study the energy and mass distributions of the fission fragments in the spontaneous All distributions (including those of the odd-mass isotope E 2 53) are rather similar, but not identical with the standard ci5 2 . The mean prompt kinetic energy of the fragments increases with z, and this trend is compared with the results of other related e~eriments. The asymmetry of the mass distributions shows only small differences between the isotopes studied here.
In this work we describe measurements of the spontaneous-fission properties of several heavy isotopes. Data are compiled and discussed in such a way as to reveal the most significant features of the results.
The value of such a study is to provide experimental data from which some general features of the fission process may be deduced and against which theories may be tested, both generally and in detail.
Prior to this work, very little information has been available concerning details.of spontaneous-fission isotopes other than Cf 2 5 2 . 1 Therefore such properties as the mass-yield curves, kinetic-energy distributions, and their widths remained to be studied for a number of heavy nuclei.
Such investigations have become possible during the past few years because of advancements in several directions. The first involved production of larger amounts of certain heavy isotopes by multiple neutron capture in high-flux reactors. The second involved application of semiconductor counters for energy measurements. The third development was the availability of multidimensional pulse-height analyzers which allow one to record and store information correlating, :fbr example, two energy measurements from .each event.
The fourth advancement is the ready availability of computers for calculating the results of a very large number of measurements.
In the experiments reported here, the energies of both fragments from spontaneous-fission events were studied for several isotopes. From these energies the masses of the fission fragments and total kinetic energies were calculated. The properties of the measured distributions were compared with those of the isotope Cf 2 5 2 , measured under the same conditions. Trends in the p~operties as functions of Z and A and certain fission paramete.rs·::
were studied.
II. EXPERIMENTAL PROCEDURES
Transcurium isotopes used in these experiments were produced by longtime irradiation of curium isotopes with neutrons. As a result, elements as heavy as fermium were produced. 2 The production pa.ths are shown schematically in Table I . The elements were separated on ion-exchange columns.3 $pecial care was taken to remove all contaminations to such a level that their influence could be neglected in the final results. The isolated and purified isotopes were electrodeposited on approximately 5. 'J.Lin-thick Ni foils. The measured foil thicknesses are given in Table I .
The foils were placed between two back-to-back phosphorus-diffused guard-ring-type silicon semiconductor counters 4 by means of which the energies of both fragments from fission events were measured. The energies of both fission fragments were recorded by utilizing standard electronic equipment.
The binary equivalent values of those energies were stored on paper tape.
Data recorded on paper t~pe were then transferred to magnetic tape in a form that retained the identity of each fission event and was directly acceptable by the IBM-7090 computer •.
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The fission fragments from the spontaneous fission of Cf 252 were used for energy calibration of the semiconductor detectors. Kinetic energies of the fission fragments from spontaneous fission of Cf 2 5 2 have been determined
independently by time-of-flight measurements. 5 Therefore, absolute values for the most probable light and heavy fission-fragment energies are known.
(Further details are discussed in Appendix A.) It was assumed that the "pulse-height defect" as described recently by several authors 6 was the same for all the isotopes investigated.
The stability. of the ap~aratus was checked as follows. First, the positions of the most probable light and heavy fission fragments of the Cf 252 standard were determined before and after each experiment. In addition the stability of the electronic e~uipment during the experiment was checked continuously with pulses from a mercury pulser. Only a small number of neutrons are emitted compared to the mass of the fragment, and therefore the effect, is small. But the neutron-emission process is very complex, and this introduces a small but very complicated uncertainty into the experimental results. More details concerning these effects will be discussed in Appendix A.
Only one correction for the neutron emission can be made easily.
The mean prompt kinetic-energy release (EK) of the 11 primary fragments 11 be~0re
neutron emission is related to the measured mean total kinetic energy (ET)
of the fission fragments after neutron emission by
An estimated value of the average number of neutrons emitted per fission, v is used for ci5°, em c. All mass-yield curves show a strong asymmetric mass distribution.
In agreement with previously observed trends, the mean heavy-fragment mass is always around 142±1, whereas the light-fragment mass shows more variation. 
Here (E. 0 resembles the nuc:f_ear surface energy in terms of the liquid-drop s model):
The straight line repr~senting all other data (Viola et a1.
) is
shown in Fig. 6 together with the points representing the experimental results of this work.
The variation in the mean total kinetic energy released (ET) as a function of the mass fraction MF (Fig. 5) is about the same for all the isotopes studied here. However, the decrease in (ET) for symmetric fission relative to the maximum value of (ET) tends to decrease for increasing z.
It should be emphasized that the data in shows the experimental data plotted in-this way.
C. Variances (Widths) of the Distributions
As mentioned above, the variances in the mass and heavy-fragment energy distributions increase with Z and seem to increase with A. The variance in the light-fragment energy distribution is essentially constant.
We propose to show these variances as functions of z 2 /A (Fig. 8) . We also include the slow-neutron-induced fission data reported by Milton et a1. Since comparably simple features of the fission process, such as the total kinetic-energy release and the asymmetry in the mass distribution, can scarcely be interpreted from a theoretical point of view, we cannot expect to interpret the variances in the distributions. However, one proposal is mentioned which considers qualitatively the trends in the variances of the mass distributions. Figure 9 shows the asymmetry AS as a function of the variance a
(M)
in one branch of the mass distribution. A large asymmetry is usually accompanied by a small variance and vice versa. As mentioned previously,
Johansson suggested that the asymmetry of the mass distribution is connected with an asymmetric deformation of the nucleus at.the saddle point. He showed that for large asymmetries the valley in the potential-energy surface is "sharp", while for small asymmetries the valley is rather "shallow," as represented in Fig. 9· 2 . This is due to uncertainties in measurements of the fission-fragment energies and uncertainties in our knowledge of the primary mass-yield curve of Cf 2 5 2 .
Therefore, it is premature to attempt to deduce the true primary mass-yield curves for the isotopes investigated in this work. It should be emphasized that the mass-yield curves obtained by radiochemical methods are not directly related to those obtained here; the. "radiochemical" massyield curves are shifted but not dispersed due to neutron emission. The mass-yield results reported here are distorted primary mass-yield distributions.
B. Approximate Treatment of the Total Energy Balance
If one assumes that all neutrons are emitted from the separated fragments, the total energy release ETO in a fission event is
where EX is the internal excitation energy of both fragments, and EK is the kinetic energy of the fully accelerated primary fission fragments. The excitation energy of the fragments is lowered by the emission of a number of neutrons v , each neutron reducing the excitation energy by the kinetic energy KEN it carries off and by its neutron binding energy NBE. The excitation energy i~ alsq lowered by the emission of gamma rays; this energy is EG. Therefore, we have for one fission event
(A-2) n=l Averaged in weighted form over all possible fission modes, the total energy balance can be written We are grateful to Professor Isadore Perlman for his continuous interest in the work reported here.
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8. Since fission fragments with ener,gies less than -50 MeV were not recorded, only the differences in the variances between the investigated isotopes and Cf 2 5 2 are significant. Production path E253(n,')') is the mean energy of the light fission fragment.
is the mean measured total kinetic energy.
is the mean total kinetic-energy released (neutron corrected).
is the mean heavy-fragment mass distribution.
is the mean light-fragment mass distribution.
)-dare the corresponding variances in the distributions as directly observed together with the value for the cf252 calibration, which is given in parenthesis.
)-n are ~he corresponding variances normalized to an arbitrary value for Cf2v 2 . 
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MUB-1510. Fig. 2 . Single fission-fragment energy spectra for the isotopes investigated here. The spectra are subdivided into light-and heavy-fragment spectra. H:V:L is the ratio of the number of events at the peak of the heavy fragments, at the valley between both peaks and at the peak of the light fragments. Neither the United States, nor the Com~ mission, nor any person acting on behalf of the Commission:
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